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Introduction: The frequency of vertebrobasilar ischemia in patients with cervical spine trauma had been regarded
as low in many published papers. However, some case reports have described cervical spine injury associated with
blunt vertebral artery injury. Many aspects of the management of vertebral artery injuries still remain controversial,
including the screening criteria, the diagnostic modality, and the optimal treatment for various lesions. The case of
a patient who had a brain infarction due to recanalization of his occluded vertebral artery following open reduction
of cervical spinal dislocation is presented here.
Case presentation: A 41-year-old Asian man presented with C4 to C5 distractive flexion injury manifesting with
quadriplegia and anesthesia below his C3 cord level (including phrenic nerve paralysis), and bowel and bladder
dysfunction. Magnetic resonance angiography and computed tomography angiography showed left extracranial
vertebral artery occlusion and patent contralateral vertebral artery. He was observed without antiplatelet and/or
anticoagulation therapy, and underwent surgery (open reduction and internal fusion of C4 to C5, and tracheostomy)
8 hours after the injury. After surgery, supraspinal symptoms such as left horizontal nystagmus and left homonymous
hemianopsia led to cranial computed tomography and magnetic resonance imaging, which showed left-side cerebellar
infarction in his posterior inferior cerebellar artery territory and right-side posterior cerebral artery infarction. Magnetic
resonance angiography and computed tomography angiography demonstrated patent bilateral vertebral artery
(but hypoplastic right vertebral artery) and occluded right posterior cerebral artery. His injured vertebral artery
was treated conservatively, which did not cause any other ischemic complications.
Conclusions: The management of asymptomatic vertebral artery injury is controversial with several treatment
options available, including observation alone, antiplatelet therapy, anticoagulation therapy, or invasive
intervention. Although there are some reports in which management with observation alone is described as
safe, we should pay serious attention to the vertebral artery injury caused by cervical spine trauma.
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Various nonpenetrating injuries, as well as penetrating
injuries, have been associated with cerebrovascular injur-
ies, not excepting cervical spine fracture and dislocation
[1]. Compared with carotid arterial injuries, vertebral ar-
tery (VA) injuries associated with blunt cervical spine
trauma were thought to be infrequent because most of
them were asymptomatic and because imaging studies* Correspondence: nakao-ygc@umin.org
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distribution, and reproduction in any mediumwere not performed routinely. Recent improvements in
imaging technology and increased use of screening proto-
cols have led to a greater number of these injuries being
identified [1]. Traumatic VA injury can have disastrous
consequences of basilar territory infarction and death [2].
Although it is often assumed that the reduction of a frac-
ture without treatment of an associated asymptomatic VA
injury is safe [3], when the vertebrobasilar ischemia oc-
curs, the mortality rate is from 75% to 86% [4]. VA injuries
are relatively frequent and may be associated with signifi-
cant morbidity and mortality in patients with cervical
spine fractures or dislocations [2]. Foremost in dealingtral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly credited.
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determining whether the injury can be detected and ef-
fectively treated before complications occur.
Despite such a situation, well-defined treatment rec-
ommendations are still lacking [1]. We present the case
of a patient who had a brain infarction due to recanali-
zation of his occluded VA following closed reduction
and open fixation of cervical spinal dislocation, and dis-
cuss the management of asymptomatic VA injuries asso-
ciated with spine trauma.
Case presentation
A 41-year-old right-handed Asian man was attacked
from behind by a cow and he tumbled down. He re-
ceived a hyperflexion injury when he was struck on the
top of his head. He did not lose consciousness but de-
scribed an immediate loss of power and sensation in
both his arms and legs. He was triple immobilized and
transferred to the local hospital where cervical spine
trauma was suspected. There were no findings from a
cranial computed tomography (CT) scan to suggest brain
infarction. The unavailability of spine specialists prompted
the patient’s transfer. He arrived at our institution 6 hours
after injury.
Clinical assessment in our hospital found a Glasgow
Coma Scale of 15 out of 15 but complete neurologic def-
icits below the level of C5. Plain X-ray film images ob-
tained at this time showed a C4 on C5 dislocation.
Further information regarding the severity of his injury
was required, and so a cervical CT scan and magnetic
resonance imaging (MRI) were performed.
A CT scan showed a bifacet dislocation with over 50%
displacement of C4 on C5 (Figure 1), and the MRI re-
vealed a severely compressed dural tube at C4 to C5Figure 1 Preoperative imaging study of the cervical spine.level and high signal intensity in his spinal cord on T2-
weighted imaging (Figure 2). A sagittal CT showed bilat-
eral dislocation of facet joints. Magnetic resonance angi-
ography (MRA) showed complete occlusion of his right
VA.
He was taken to the operating room 100 minutes after
arrival. We performed closed reduction and posterior
open surgery under general anesthesia. We used pedicle
screws on the left side and spinous process wiring for
fixation, and local bone was grafted around his C4 to C5
facet joints bilaterally. Plain X-ray film images obtained
just after the surgery showed good fixation (Figure 3).
He demonstrated consciousness deterioration associ-
ated with repeated vomiting and left hemianopsia. These
symptoms led us to examine his brain. There were low
dense lesions in his right posterior lobe and left cerebel-
lum (Figure 4). MRA showed occlusion of his right pos-
terior cerebral artery and recanalization of his occluded
left VA (Figure 5). This seemed to be due to distal
embolization of the clot around the occluded vessel. We
did not administrate tissue plasminogen activator be-
cause actual onset was unknown and because he was on
the intensive perioperative management. Left hemianop-
sia has remained although there was no additional event.
Discussion
We present the case of a 41-year-old man with a bilateral
cervical facet joint dislocation associated with unilateral
VA injury, treated by closed reduction and posterior fix-
ation. After surgery, he demonstrated an episode of brain
infarction. In this case, brain infarction seemed to be
caused by artery-to-artery embolization that originated
from recanalized VA. Perhaps, VA occlusion on the dom-
inant side caused by cervical spinal dislocation led to
Figure 2 Preoperative angiography showing vertebral artery injury.
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tery territory due to hemodynamic compromise or arterial
dissection.
The incidence of VA injury ranges from 0.075% to
0.77% of blunt trauma admissions [1,4,5]. When asymp-
tomatic patients are screened for blunt cerebrovascular
injuries, the incidence rate rises to 1% of all patients
with blunt trauma and as high as 2.7% in patients with
an Injury Severity Score >16 [6,7]. The possibility of as-
sociation with cerebrovascular injury rises to approxi-
mately 17.2 to 25.5% in ‘high risk’ patients who satisfy
the Denver screening criteria for blunt cerebrovascular
injury [8,9].
Some reports [10,11] have described patients with cer-
vical spinal trauma who had rapidly fatal neurologic dis-
orders suggestive of serious vertebrobasilar insufficiency.
In fact, the time course of vertebrobasilar ischemia sec-
ondary to VA occlusion is variable, ranging from a few
hours to several years. In our case, the time course wasFigure 3 Postoperative radiography of the cervical spine.24 hours after the injury and 12 hours after the reductive
surgery, respectively.
Vessel occlusion may be acute or delayed, secondary
to damage to the intimal lining with delayed platelet ag-
gregation, followed by thrombus formation and occlu-
sion [3,12]. Direct injury from a surrounding structure
such as a bony tip also may result in VA injury. An ex-
ternal layer injury may occur and cause a pseudoaneur-
ysm and vessel tear in patients from greater force [13].
In most cases, the V2 segment that runs through the
vertebral foramen of C6 until C2 is affected [8,13,14],
and the vascular lesion usually presents next to the cer-
vical fractures because of its fixation to the spine within
the transverse foramen from C1 through to C6. The most
frequent site of the VA lesion is C5 to C6 [3]. The type of
fracture associated with VA injury is variable. In particular,
two types of cervical fractures are associated with higher
risk for VA injury respectively: (a) fractures involving
the transverse foramen; (b) subluxations. These types
Figure 4 Postoperative brain computed tomography.
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cervical trauma [15,16].
A high clinical index of suspicion remains the most
important factor in making the diagnosis [17]. In pa-
tients suspected to have a lesion of the VA after cervical
trauma who have altered consciousness, dysarthria, blurred
vision, nystagmus, ataxia, or dysphagia, cerebrovascular
examination should be indicated [18]. Once a patient is
proven to be at risk of VA injury, we should take imaging
studies to rule out VA injury and avoid neurological deteri-
oration, even if there are no stigmata of vertebrobasilar
insufficiency.
Although there have been no definite standards or
guidelines as to what is the most important and optimal
imaging study for patients with a suspected VA injury, a
broad-scale, less invasive, low-cost, and fast screening
program is probably the best way to diagnose lesions [7].
MRA is quite accurate in the detection of near or total
occlusion of the V2 segment noninvasively [13,15,18-20].Figure 5 Postoperative magnetic resonance angiography.However , slow blood flow in the small vessels on MRA
can be confused with occlusion as a result of insufficient
resolution [21]. Conventional angiography is superior to
MRA in the detection of nonoccluded intimal disrup-
tion, which occasionally causes distal embolization; however,
it is not performed as the first-line diagnostic procedure be-
cause of its invasiveness [20]. There are some papers regard-
ing computed tomography angiography (CTA) with more
than 16-slice scanners as to be equal to conventional angiog-
raphy in terms of sensitivity [19,22,23]. In addition, CTA is
more widely available, has fewer contraindications, and pro-
vides greater spatial resolution than MRA. CTA may be-
come an acceptable alternative to conventional angiography.
We willingly indicate multidetector CTA in patients with
‘high risk’ cervical spine fractures.
Treatment of blunt VA injury remains controversial.
Reported treatments for asymptomatic VA injury in-
clude supportive management, surgical ligation, radio-
logic embolization, systemic heparinization, and antiplatelet
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on the radiological grade and clinical severity of cervical
spine trauma and VA injury, but are still not standard-
ized and vary from anticoagulation to ligation and
thrombectomy.
The most frequently used specific treatment is antic-
oagulation. There have been several studies attempting
to evaluate the impact of antithrombotic agents on the
progression or development of sequelae of blunt cere-
brovascular injuries. A series of retrospective studies
[13,15,26] found that administration of antithrombotic
agents reduces the rate of neurologic sequelae after
blunt cerebrovascular injuries. The rationale for admin-
istration of anticoagulant and/or antiplatelet has been to:
1) minimize clot formation at the site of intimal injury;
2) decrease further propagation of the clot which has
formed, allowing the internal fibrinolytic systemic to dis-
solve the clot; and 3) prevent embolization. However,
systemic administration introduces risks of hemorrhagic
complications, particularly in multisystem trauma vic-
tims. We can reduce the incidence of bleeding complica-
tions by avoiding bolus heparin dosing and targeting a
lower partial thromboplastin time [4]. Although there has
not been a direct controlled comparison of heparinization
versus antiplatelet agents in the prevention of cerebral
vascular event after VA injury, several studies performed
subgroup analysis in an attempt to address this question.
There has been discussion of preemptive embolization
of blunt VA injury as primary therapy. This is based on
the premise that occlusion of one VA is generally well
tolerated. The presence of VA agenesis has been found
to be from 1.8% to 3.1% in autopsy study [27] and uni-
lateral VA dominance is uncommon. Hoshino et al. [28]
performed unilateral VA ligation on 15 patients without
adverse sequelae on long-term follow-up. However, rou-
tine embolization introduces the risk that the contralateral
VA may acquire transient flow disturbances, resulting in
infarction. There have also been several preliminary
studies that have indicated the safety and feasibility of
catheter-directed therapy to include embolization of
pseudoaneurysms and stenting of intimal injuries [29].
We gave priority to cervical fixation over treatment of
asymptomatic VA injury although, of course, we under-
stood the risk of distal embolization. That is because we
tried to decompress the neural structure and stabilize
the cervical spine promptly to prevent neurological de-
terioration and enable early implementation of rehabili-
tation, and because we intended to avoid bleeding
complication in the case that a tracheostoma might be
required following the cervical fixation. Perhaps we
could achieve reduction and fixation by taking prox-
imal occlusion interventionally. The ideal treatment of
patients with cervical spine injuries associated with VA
injury might include the help of an interventionist.Conclusions
The management of asymptomatic VA injury is controver-
sial with several treatment options available. Although there
are some reports in which management with observation
alone is described as safe, we should pay serious attention
to the VA injury caused by cervical spine trauma. The ideal
treatment of patients with cervical spine injuries associated
with VA injury whose cervical spine needs immediate fix-
ation might include the help of an interventionist.
Consent
Informed consent was obtained from the patient for publi-
cation of this case report and accompanying images. The
document was written by his wife because the patient
could not make a signature by himself due to severe tetra-
plegia. A copy of the written consent is available for re-
view by the Editor-in-Chief of this journal. The protocols
for human procedures used in this study were approved
by the ethics committee of our institution.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
Both authors are the main health care providers for this patient. Both
authors read and approved the final manuscript.
Received: 20 March 2013 Accepted: 6 August 2014
Published: 14 October 2014
References
1. Berne JD, Norwood SH, McAuley CE, Villareal DH: Helical computed
tomographic angiography: an excellent screening test for blunt
cerebrovascular injury. J Trauma 2004, 57:11–19.
2. Yoshihara H, VanderHeiden TF, Harasaki Y, Beauchamp KM, Stahel PF: Fatal
outcome after brain stem infarction related to bilateral artery occlusion –
case report of a detrimental complication of cervical spine trauma.
Patient Safe Surg 2011, 5:18.
3. Willis BK, Greiner F, Orrison WW, Benzel EC: The incidence of vertebral
artery injury after midcervical spine fracture or subluxation. Neurosurgery
1994, 34:435–442.
4. Biffl WL, Moore EE, Eliott JP, Ray C, Offner PJ, Franciose RJ, Brega KE, Burch JM:
The devastating potential of blunt vertebral arterial injuries. Ann Surg 2000,
231:672–681.
5. Bula WI, Loes DJ: Trauma to the cerebrovascular system. Neuroimaging
Clin North Am 1994, 4:753–772.
6. Biffl WL, Moore EE, Ryu RK, Offner PJ, Novak Z, Coldwell DM, Franciose RJ,
Burch JM: The unrecognized epidemic of blunt carotid arterial injuries:
early diagnosis improves neurologic outcome. Ann Surg 1998, 228:462–470.
7. Mutze S, Rademacher G, Matthes G, Hosten N, Stengel D: Blunt
cerebrovascular injury in patients with blunt multiple trauma: diagnostic
accuracy of duplex Doppler US and early CT angiography. Radiology
2005, 237:884–892.
8. Biffl WL, Moore EE, Offner PJ, Brega KE, Franciose RJ, Elliott JP, Burch JM:
Optimizing screening for blunt cerebrovascular injuries. Am J Surg 1999,
178:517–522.
9. Louw JA, Mafoyane NA, Small B, Neser CP: Occlusion of the vertebral
artery in cervical spine dislocations. J Bone Joint Surg Br 1990, 72:679–681.
10. Okuyama T, Minamida Y, Sasaki T, Horikawa D, Izumiyama O, Mizuguchi M,
Shoji T, Kaneko M, Shinya T, Hashi K: Traumatic occlusion of the bilateral
vertebral arteries associated with fracture of the cervical spine: a case
report. Neurol Surg 1987, 15:1141–1145.
11. Tudorache C, Moldovanu A, Esanu A, Moldovanu E, Gherman C, Ichim C,
Popescu C, Dabija M, Haba D: The posttraumatic occlusion of the
vertebral artery case presentation. Rom Neurosurg 2010, 17:238–245.
Nakao and Terai Journal of Medical Case Reports 2014, 8:344 Page 6 of 6
http://www.jmedicalcasereports.com/content/8/1/34412. Taneichi H, Suda K, Kajino T, Kaneda K: Traumatically induced vertebral
artery occlusion associated with cervical spine injuries: Prospective study
using magnetic resonance angiography. Spine 2005, 30:1955–1962.
13. Miller PR, Fabian TC, Bee TK, Timmons S, Chamsuddin A, Finkle R, Croce MA:
Blunt cerebrovascular injuries: diagnosis and treatment. J Trauma 2001,
51:279–286.
14. Vaccaro AR, Klein GR, Flanders AE, Albert TJ, Balderston RA, Cotler JM:
Long-term evaluation of vertebral artery injuries following cervical
spine trauma using magnetic resonance angiography. Spine 1998,
23:789–794.
15. Cothren CC, Moore EE, Biffl WL, Ciesla DJ, Ray CE, Johnson JL, Moore JB,
Burch JM: Cervical spine fracture patterns predictive of blunt vertebral
injury. J Trauma 2003, 55:811–813.
16. Parent AD, Harkey HL, Touchstone DA, Smith EE, Smith RR: Lateral cervical
spine dislocation and vertebral artery injury. Neurosurgery 1992, 31:501–509.
17. Bok AP, Peter JC: Carotid and vertebral artery occlusion after blunt
cervical injury: the role of MR angiography in early diagnosis. J Trauma
1996, 40:968–972.
18. Deen HG Jr, McGirr SJ: Vertebral artery injury associated with cervical
spine fracture. Spine 1992, 17:230–234.
19. Biffl WL, Ray CE Jr, Moore EE, Franciose RJ, Aly S, Heyrosa MG, Johnson JL,
Burch JM: Treatment-related outcomes from blunt cerebrovascular
injuries: importance of routine follow-up angiography. Ann Surg 2002,
235:699–707.
20. Levy C, Laissy JP, Raveau V, Amarenco P, Servois V, Bousser MG, Tubiana JM:
Carotid and vertebral artery dissections: three-dimensional time-of-flight
MR angiography and MR imaging versus conventional angiography.
Radiology 1994, 190:326–329.
21. Miller PR, Fabian TC, Croce MA, Cagiannos C, Williams JS, Vang M, Qaisi WG,
Felker RE, Timmons SD: Prospective screening for blunt cerebrovascular
injuries: analysis of diagnostic modalities and outcomes. Ann Surg 2002,
236:386–395.
22. Bromberg WJ, Collier BC, Diebel LN, Dwyer KM, Holevar MR, Jacob DG,
Kurek SJ, Schreiber MA, Shapiro ML, Vogel TR: Blunt cerebrovascular injury
practice management guidelines: the Eastern Association for the Surgery
of Trauma. J Trauma 2010, 68:471–477.
23. Vertinsky AT, Schwartz NE, Fischbein NJ, Rosenberg J, Albers GW, Zaharchuk
G: Comparison of multidetector CT angiography and MR imaging of
cervical artery dissection. AJNR 2008, 29:1753–1760.
24. Parbhoo AH, Govender S, Corr P: Vertebral artery injury in cervical spine
trauma. Injury 2001, 32:565–568.
25. Sack JA, Etame AB, Shah GV, Marca FL, Park P: Management and outcomes
of patients undergoing surgery for traumatic cervical fracture-subluxation
associated with an asymptomatic vertebral artery injury. J Spinal Disord
Tech 2009, 22:86–90.
26. Cothren CC, Moore EE, Biffl WL, Ciesla DJ, Johnson JL, Moore JB, Burch JM:
Anticoagulation is the gold standard therapy for blunt carotid injuries to
reduce stroke rate. Arch Surg 2004, 139:609–613.
27. Saito T, Kamisawa O, Kaminishi Y, Misawa Y, Fuse K: Isolated traumatic
vertebral pseudoaneurysm: report of a case. Surg Today 2003, 33:145–147.
28. Hoshino Y, Kurokawa T, Nakamura K, Seichi A, Mamada T, Saita K, Miyoshi K:
A report on the safety of unilateral vertebral artery ligation during
cervical spine surgery. Spine 1996, 21:1454–1457.
29. Coldwell DM, Novak Z, Ryu RK, Brega KE, Biffl WL, Offner PJ, Franciose RJ,
Burch JM, Moore EE: Treatment of posttraumatic internal carotid arterial
pseudoaneurysms with endovascular stents. J Trauma 2000, 48:470–472.
doi:10.1186/1752-1947-8-344
Cite this article as: Nakao and Terai: Embolic brain infarction related to
posttraumatic occlusion of vertebral artery resulting from cervical spine
injury: a case report. Journal of Medical Case Reports 2014 8:344.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
